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frame decreased from 55 to 26 mgy.cm2/frame (53 % re-
duction, p < 0.001).
Conclusion this study demonstrates that the novel X-ray 
imaging technology provides non-inferior image quality 
compared with conventional angiographic systems for in-
terventional cardiology with a 53 % patient dose reduction.
Keywords interventional cardiology · Safety · image 
processing · DaP · Dose reduction
Introduction
Prolonged X-ray guided procedures are associated with a 
risk of deterministic and stochastic injury [1, 2]. although 
the number of percutaneous coronary interventions (Pci) 
has remained relatively stable in recent years, the complex-
ity of coronary interventions has increased. One contributor 
to prolonged procedures is Pci of chronic total occlusions, 
which has become increasingly successful [3–5]. Prolonged 
procedures result in higher radiation doses [6–8], especially 
in obese patients, in whom higher radiation is often neces-
sary to obtain adequate diagnostic images [9, 10].
in accordance with the alara (as low as reasonable 
achievable) principle, the best ratio between image quality 
and radiation dose should be determined. Dose awareness 
and recent developments in noise reduction algorithms have 
created new opportunities for dose reduction without com-
promising image quality [11–13].
recently, a novel X-ray imaging technology that com-
bines advanced real-time image noise reduction algorithms 
with state-of-the-art hardware to significantly reduce patient 
radiation dose for fluoroscopy and cine acquisition in inter-
ventional cardiology became available (alluraclarity; 
Philips Healthcare, Best, the netherlands). the complete 
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acquisition chain has been optimised (e.g. grid switch, beam 
filtering, pulse width, spot size, detector and image process-
ing engine, etc.). Moreover, smaller focal spot and shorter 
X-ray pulses are used to further enhance image quality.
the novel X-ray imaging technology showed a 40 % 
procedural dose reduction for patients undergoing complex 
ablations and 50 % dose reduction to the main operator [14] 
in electrophysiology.
in interventional neuroradiology, non-inferior image 
quality was shown for digital subtraction angiography 
(DSa) with a 75 % patient radiation dose reduction [12] and 
60 % total procedural dose reduction with similar proce-
dural characteristics [13].
the current study was designed to assess whether this 
novel X-ray imaging technology that reduces patient dose 
allows for cine image acquisition without loss of diagnostic 
image quality in coronary angiography.
Methods
the study was conducted in accordance with the provisions 
of the Declaration of Helsinki as amended in edinburgh, 
Scotland (2008). each patient signed informed consent. 
the enrolment of patients occurred between 11 September 
and 23 november 2012. the study was approved by the 
local ethics committee and published on clinicaltrials.gov 
(nct01684826).
A flat-detector angiography system (Allura Xper FD10; 
Philips Healthcare, Best, the netherlands) equipped with 
standard image processing and exposure system settings 
(100 % dose) was used. For the purpose of this study, this 
X-ray system was also equipped with the advanced image 
processing and optimised exposure system settings to enable 
patient dose reduction (clarityiQ; Philips Healthcare, Best, 
the netherlands). the study was designed to assess non-
inferiority of image quality and to quantify patient dose 
reduction between a cine acquisition run acquired with the 
standard image processing and exposure settings (reference 
cine) compared with a cine acquisition run acquired with the 
advanced image processing and optimised exposure system 
settings to enable dose reduction (study cine).
improvements in image processing and acquisition chain
The X-ray acquisition chain for the study cine was modified 
to enable patient radiation dose reduction. increase in cop-
per filtration for the study cine was implemented (0.1 mm 
cu and 1 mm al) compared with the reference cine (0.0 mm 
cu and 0.0 mm al). no changes were applied in kV-ma-
ms controls and frame speed, while the detector dose was 
reduced.
in interventional cardiology, image processing is more 
challenging when compared with DSa due to the move-
ment of the heart. the advanced real-time image processing 
combines several features that enhance image quality [12–
14]. the spatial noise reduction algorithm uses the random 
nature of noise to distinguish between the clinical informa-
tion and the noise in a single image. The algorithm filters 
out the noise by averaging the pixel intensity with the sur-
rounding pixels. For temporal noise reduction it is essential 
to detect motion between frames to avoid the appearance of 
ghost images of moving objects such as catheters. the novel 
technology uses motion compensation to align moving 
objects before averaging. this allows for more consecutive 
images to be averaged and thus reduces noise significantly.
Patients
Patients older than 18 who were referred for elective 
invasive diagnostic coronary angiography were enrolled. 
exclusion criteria were known kidney dysfunction (egFr 
< 60 ml/kg/min), participation in other clinical trials, known 
pregnancy and breastfeeding. in order to depict a realistic 
sample of the population, body mass index (BMi) was not 
used as a selection criterion. therefore, also obese patients 
could be included in the study.
image acquisition
Four interventional cardiologists performed the procedures. 
For the evaluation of image quality, the left coronary artery 
was used. the acquisition was done in a left anterior oblique 
(laO) and cranial projection angle, an laO of 45 degrees 
and a cranial angle of 20 degrees were advised. However, 
when the coronary artery could not be properly viewed the 
operator was free to change the angulations accordingly.
Two subsequent runs were acquired, the first with the ref-
erence settings followed by a run with the study settings. 
contrast dye injection was performed with hand injection 
using a 10 ml syringe and a 5 French diagnostic catheter. 
the images were acquired during breath hold with the table 
in a stable position during acquisition. table height, tube 
angulation, field of view and gantry settings were left the 
same for both image acquisitions.
Patient radiation dose evaluation
For each run the number of frames per run, cumulative dose 
area product (DaP) and air Kerma (aK) values as indicated 
by the X-ray system were entered in the case report form. 
average DaP and aK per frame were calculated after the 
procedure to correct for variation in run duration between 
the two acquisitions.
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ily history for premature coronary artery disease, 59 % had 
hypertension.
image quality
all images acquired with the study cine were of diagnostic 
quality to assess clinically relevant information. Overall, 
85 % of the image sets were considered of better or equal 
(non-inferior) image quality compared with the reference 
cine (95 % ci 0.81–0.90) with the study cine considered 
better in 32 % of the images. Figs. 1 and 2 show the rating 
of the images in more detail for the complete group and for 
patients with BMi > 28 kg/m2, respectively. Fig. 3 shows an 
example of a study patient.
radiation exposure
table 2 shows the radiation dose characteristics of the 39 
analysed patients. Data are presented as dose averages/frame 
of the cine acquisitions. the average number of frames per 
run was 73.2 ± 28 for the study cine vs 73.9 ± 32.4 for the 
image analysis
All images were stored offline and evaluated by six inde-
pendent reviewers from five hospitals in Europe. All have 
at least 10 years of experience with acquiring and reviewing 
coronary angiograms and were not involved in the acquisi-
tion of the two study runs.
For the review, the two acquisitions per patient were dis-
played in pairs, side by side, on two diagnostic quality image 
review monitors (a and B, Philips MMl1942-Per). the 
images were presented to the reviewers in a random order. 
the reviewers were blinded to patient and image character-
istics but post-processing adjustments were allowed.
image quality was assessed based on general appearance, 
ability to assess large arteries, side branches and their origin, 
ability to assess visual stenosis and other clinically relevant 
information. also, the reviewers were asked to assess the 
image quality taking into account noise levels, surrounding 
tissue (such as lung or liver) and image artifacts.
Statistical analysis
all analysis were conducted using SaS/Stat® software. 
the primary objective of this study was to demonstrate non-
inferior clinical image quality of the study settings com-
pared with the reference settings, with the null hypothesis: 
Ho: r ≤ 0.80 and alternative hypothesis: Ha: r > 0.80, with r 
being the proportion of images rated as having equal or bet-
ter clinical quality for study cine images compared with the 
reference cine images.
radiation dose was analysed as averaged dose per frame. 
Descriptive statistics for dose per frame are presented for 
the study and reference cine acquisitions. Differences in 
radiation dose between the two acquisitions was evaluated 
with the paired two-sided Student t-test and the non-para-
metric Wilcoxon signed-rank test. P < 0.05 was considered 
statistically significant.
Results
Patients
a total of 50 patients were enrolled in the study. eleven (11) 
were left out of the analysis: one patient withdrew informed 
consent, in 2 patients the images required for the study were 
not acquired due to medical reasons, 2 patients missed the 
dose data for a run and in 6 patients the images could not be 
retrieved for off-line comparison. evaluable data for image 
quality assessment and patient radiation dose analysis were 
available for 39 patients. Patient characteristics and pro-
cedure indications are listed in table 1; 10 patients had a 
BMi > 28 kg/m2. Most patients (71.8 %) had a positive fam-
Table 1 Patient and procedure characteristics
rated (n = 39)
age (years) Mean (SD) 63.4 (10.7)
gender Female (n, %) 18 (46.2 %)
Male (n, %) 21 (53.8 %)
BMi (kg/m2) Mean (SD) 26.4 (3.3)
Median 26.1
Procedure indication Diagnostic 30 (76.9 %)
intervention 9 (23.1 %)
Vessels treated left main stem 1 (2.6 %)
laD 5 (12.8 %)
lcX 4 (10.3 %)
SD standard deviation, BMI body mass index.
Fig. 1 Summary of image assessment
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cedures has been reported [15, 16]. this seems mostly 
attributable to differences in equipment performance, way 
of working, complexity of the procedure and patient size.
coronary angiography and Pci procedures are among 
the procedures that account for the highest radiation dose 
to patients. in the Sentinel survey a total DaP of 45 gy.
cm2 for coronary angiography and 85 gy.cm2 for Pci was 
reported [17], in the neXt survey this was 85 and 193 gy.
cm2 respectively [6]. Total DAP is the DAP for fluoroscopy 
and cine combined. Although fluoroscopy is extensively 
used during procedures, the total contribution to the total 
procedure dose is only 25 % for coronary angiography and 
50 % for Pci, with an overall contribution of 40 % [18, 19]. 
therefore it is important to focus on reduction of the cine 
dose.
This technology reduces the dose in both fluoroscopy and 
cine acquisition. However, image quality was assessed dur-
ing cine acquisition because of the high reproducibility of 
the two runs and the high contribution of cine to the overall 
per procedure radiation dose.
The findings of this study are important for the inter-
ventional cardiologist, because it can be expected that the 
observed dose reduction in this study will result in a total 
procedural dose reduction. this will reduce the risk of sto-
chastic effects as well as skin effects for the patient, and as 
the patient is the main source of scatter, also will reduce 
the occupational dose. this is of utmost importance because 
concerns of radiation exposure for the staff were raised 
recently [20–23]. Whether dose reduction may also lead 
to improvements in radiation protection (e.g. lead apron 
weight) for staff needs further study. Furthermore, patient 
dose reduction may enable new and complex procedures 
that currently cannot be performed because the safety limits 
for radiation exposure are quickly reached.
Limitations of this study
the main limitation of this study is that comparison was 
restricted to a single angulation (laO with cranial angu-
lation). although the laO view is commonly used, it has 
relatively little attenuation from the diaphragm. Further 
studies are needed to assess the image quality for different 
tube angulations. although cine angiography is the larg-
est contributor to total procedural dose, further studies are 
needed to assess the overall radiation reduction for a proce-
dure using this novel technology. it is expected that reduc-
tion in patient entrance dose leads to reduction in operator 
dose. However, this was not quantified in this study. In addi-
tion, image quality assessment was based on a subjective 
evaluation rather than on objective parameters. this type 
of side-by-side comparison was previously described and 
reference cine. Overall, the median reduction was 53 % for 
both DaP and aK (p < 0.001). the patient dose reduction 
for obese patients (BMi > 28 kg/m2) is presented separately 
in table 3.
Discussion
the results of this study demonstrate that the novel X-ray 
image acquisition technology allows for 53 % radiation 
reduction for cine acquisition without compromising image 
quality.
a wide variation in radiation dose delivered to patient 
and staff for the same type of fluoroscopically guided pro-
Table 2 radiation characteristics for the complete study population
Study 
cine
reference 
cine
p value
airKerma 
[mgy/frame]
N 39 39
Mean (SD) 0.44 (0.1) 0.95 (0.2) < 0.001
Median 0.44 0.94 < 0.001
DaP [mgy.
cm2/frame]
N 39 39
Mean (SD) 26 (5.7) 55 (6.9) < 0.001
Median 26 55 < 0.001
SD standard deviation, DAP dose area product.
Table 3 radiation characteristics for patients with BMi > 28 kg/m2
Study cine reference 
cine
p value
airKerma 
[mgy/frame]
N 10 10
Mean (SD) 0.5 (0.1) 0.95 (0.1) < 0.0001
Median 0.48 0.97
DaP [mgy.
cm2/frame]
N 10 10
Mean (SD) 31 (5.7) 57 (10.4) < 0.0001
Median 31 59
SD standard deviation, DAP dose area product.
Fig. 2 Summary of image assessment of patients with a BMi > 28 kg/
m2
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accepted as a good method for subjective but semi-quantita-
tive evaluation of image quality [24].
Conclusion
the novel X-ray imaging technology provides non-inferior 
image quality with a 53 % patient dose reduction compared 
with conventional angiographic systems. this will result in 
improved patient and staff safety.
Acknowledgments The authors thank Dr. Cernetti, Dr. Pellizzari, Dr. 
geerlings, Dr. gosselink, Dr. Hauptmann, Dr. Hellsten for participat-
ing in the study as reviewers, Dr. Favero, Dr. tebaldi, Dr. everaerts 
and Drs Jenniskens for the contribution to this paper as well as Ms 
Verreussel, rn, for the data collection and patient inclusion.
Funding none.
Conflicts of interest M. Mauti is an employee of Philips Healthcare.
Open Access this article is distributed under the terms of the creative 
commons attribution license which permits any use, distribution, and 
reproduction in any medium, provided the original author(s) and the 
source are credited.
References
 1. Smith-Bindman r, lipson J, Marcus r, et al. radiation dose as-
sociated with common computed tomography examinations and 
the associated lifetime attributable risk of cancer. arch intern Med. 
2009;169:2078–86.
 2. Picano e, Vano e. the radiation issue in cardiology: the time for 
action is now. cardiovasc Ultrasound. 2011;9:35.
Fig. 3 example of a 55-year-old female (BMi 30.2 kg/m2), current 
smoker with a medical history of hypertension, hyperlipidaemia and 
a family history of premature coronary artery disease (caD). the pa-
tient already underwent Pci (stent in laD and rca) and was ad-
mitted for diagnostic procedure for complaints of progressive angina 
without symptoms at rest. the top panel, a represents the reference 
image and b the study image. cine acquisitions obtained at 15 fps, 
field of view 20 cm, LAO 45 CRA 20 with (a) reference cine (DAP: 
60.40 mgy.cm2/frame), (b) study cine (DAP: 27.01 mgy.cm2/frame)
 
530 Neth Heart J (2015) 23:525–530
21. roguin a, goldstein J, Bar O. Brain malignancies and ionising 
radiation: more cases reported. eurointervention. 2012;8:169–70. 
doi:10.4244/eiJV8i1a26.
22. roguin a, goldstein J, Bar O, et al. Brain and neck tumors among 
physicians performing interventional procedures. am J cardiol. 
2013;111:1368–72.
23. Duran a, Hian SK, Miller Dl, et al. recommendations for occu-
pational radiation protection in interventional cardiology. catheter 
cardiovasc interv. 2013;82:29–42.
24. Dobbins J iii. Observer assessment. in: Beutel J, Kundel Hl, Van 
Metter rl, editors. Handbook of medical imaging: physics and 
psychophysics. Bellingham: SPie Press; 2000. S 161–222. (guid-
ance for industry: developing medical imaging drug and biological 
products. Design, analysis, and interpretation of clinical studies. 
US Department of Health and Human Services; 2004).
15. Struelens l, Vanhavere F, Bosmans H, et al. Data analysis from 
a multi-centre, comparative study of angiographic examinations 
leading to practical guidelines for the optimisation of patient 
doses. radiat Prot Dosimetry. 2005;117(1–3):87–92.
16. Dragusin O, Desmet W, Heidbuchel H, et al. radiation dose levels 
during interventional cardiology procedures in a tertiary care hos-
pital. radiat Prot Dosimetry. 2005;117(1–3):231–5.
17. Padovani r, Vano e, trianni a, et al. reference levels at european 
level for cardiac interventional procedures. radiat Prot Dosimetry. 
2008;129(1–3):104–7.
18. Journy n, Sinno-tellier S, Maccia c, et al. Main clinical, thera-
peutic and technical factors related to patient’s maximum skin 
dose in interventional cardiology procedures. Br J radiol. 
2012;85:433–42.
19. Komócsi a, Kónyi a, Kovács e, et al. radiation exposure during 
cardiac catheterization: implications for the transradial approach. 
interv Med appl Sci. 2010;2(3):105–9.
20. roguin a, goldstein J, Bar O. Brain tumours among interven-
tional cardiologists: a cause for alarm? report of four new cases 
from two cities and a review of the literature. eurointervention. 
2012;7(9):1081–6.
